INTRODUCTION
============

The first epidemiological analysis by the Framingham Heart Study revealed that heart failure is a fundamental factor of cardiovascular health \[[@ezz107-B1]\]. Heart failure is usually diagnosed in adolescents and adults: The cumulative influence of risk factors over a period of years means that the incidence of heart failure increases with age and is higher in men than in women (Fig. [1](#ezz107-F1){ref-type="fig"}) \[[@ezz107-B2]\]. Heart failure affects 1--2% of the whole population and has a lifetime risk at the age of 55 of 33% in men and 28% in women \[[@ezz107-B3]\]. Arterial hypertension and coronary heart disease remain the 2 most common conditions predating its onset \[[@ezz107-B4], [@ezz107-B5]\]. Heart failure, especially due to ischaemic heart disease, has remained the leading cause of death worldwide for the last 15 years \[[@ezz107-B6]\]. In light of rising life expectancy across the globe and the persistence of risk factors like arterial hypertension and coronary heart disease, the prevalence of heart failure is predicted to increase by 46% from 2012 to 2030 and will therefore remain a leading cause of death \[[@ezz107-B7]\].

![Prevalence of heart failure by sex and age (National Health and Nutrition Examination Survey, 2011--2014)---adopted and modified from Ref. \[[@ezz107-B2]\].](ezz107f1){#ezz107-F1}

Surgical treatment of end-stage heart failure such as a heart transplant or implantation of mechanical circulatory support (MCS) is mainly performed in patients with severely impaired systolic ventricular function due to end-stage cardiomyopathies who remain symptomatic despite optimal guideline-recommended treatment \[[@ezz107-B8]\]. International guidelines recommend a heart transplant in end-stage heart failure and in the absence of contraindications (Table [1](#ezz107-T1){ref-type="table"}) \[[@ezz107-B9], [@ezz107-B10]\]. A consensus statement of the International Society of Heart and Lung Transplantation regulates listing and management policies for potential cardiac transplant candidates and was last updated in 2016 \[[@ezz107-B11]\].

###### 

Indications and contraindications for a heart transplant[^a^](#tblfn1){ref-type="table-fn"}

  ---------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Indications for a heart transplant                               End-stage heart failure, NYHA IV functional class with congestionLimited prognosis without further supportLimited treatment optionsMotivated, well-informed patientMental stabilityCompliant
  Absolute and relative contraindications for a heart transplant   Severe peripheral arteriosclerosis/cerebrovascular diseaseActive infectionMalignancySeverely impaired renal functionSevere systemic disorders, multiorgan failureSecondary disease with poor prognosisIntellectual impairmentPharmacologically irreversible pulmonary hypertension (→ proof of candidacy for LVAD with re-evaluation of haemodynamics under unloaded left ventricular conditions)BMI before a heart transplant \>35 kg/m^2^Persistent drug abuse
  ---------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Adapted from Ref. \[[@ezz107-B9]\].

BMI: body mass index; LVAD: left ventricular assist device; NYHA: New York Heart Association.

Total implantation numbers of MCS prior to a heart transplant constantly increased in the past decade \[[@ezz107-B12]\]. Based on the scarcity of allografts and the recently published improved long-term performance of current left ventricular assist devices (LVADs) \[[@ezz107-B13]\], people might believe that mechanical devices can replace conventional heart transplants to a great extent.

Our goal is to outline the general management of heart failure, the therapeutic goal of which is to reduce morbidity and mortality. Furthermore, we clearly demonstrate why a heart transplant remains the gold standard in the treatment of end-stage heart failure despite widespread and emerging MCS achieved with the LVAD.

IMPROVEMENT IN STANDARD TREATMENT AMELIORATED PROGNOSIS
=======================================================

Morbidity and mortality rates associated with heart failure improved over the last decades \[[@ezz107-B14]\]. However, the 5-year mortality rate for advanced heart failure remains stuck at approximately 50%. Even in 2018, the prognosis is still as limited as that for some of the common malignant cancers in both men and women \[[@ezz107-B15]\].

CURRENT EVIDENCE-BASED TREATMENT RECOMMENDATIONS
================================================

According to the American and European Guidelines, the latest treatment recommendations for heart failure remain multimodal.

Pharmacological treatment
-------------------------

The CONSENSUS trial investigated 'enalapril' more than 30 years ago; it was the first systematic evaluation of lowering the number of heart failure-associated deaths via pharmacological treatment \[[@ezz107-B16]\]. Since then, various substances have proven effective. Postulating an annual mortality rate of 20% and a mean survival time of 4.1 years at baseline, adding an angiotensin-converting enzyme inhibitor, beta-blocker, aldosterone antagonist and an implantable cardioverter-defibrillator (ICD) decreases annual mortality by 70% and lengthens the mean survival time by 5.6 years \[[@ezz107-B17]\]. Results from the recently published PARADIGM-HF \[Prospective Comparison of ARNI (Angiotensin Receptor--Neprilysin Inhibitor) with ACEI (Angiotensin-Converting--Enzyme Inhibitor) to Determine Impact on Global Mortality and Morbidity in Heart Failure\] trial demonstrated an improvement in the mortality rate in response to applying new pharmacological treatment options. Sacubitril-valsartan proved superior in reducing the risks of death and hospitalization for heart failure compared to standard medical treatment by interacting with the neurohumoral system \[[@ezz107-B18]\].

Risk factors and surgical treatment
-----------------------------------

The second treatment principle is to minimize the common risk factors for heart failure, such as alleviating hypertension \[[@ezz107-B4]\]. Coronary revascularization \[coronary artery bypass grafting (CABG)\] for ischaemic heart disease preserves cardiac function \[[@ezz107-B5]\] and improves outcome in combination with guideline-recommended medical therapy with excellent long-term overall mortality rates (all-cause mortality at 10 years with CABG versus optimal medical treatment: 58.9% vs 66.1%, hazard ratio 0.84, 95% confidence interval 0.73--0.97; *P* = 0.02; NNT = 14), as was recently demonstrated from STICH (Surgical Treatment for Ischaemic Heart Failure) and STICHES (Surgical Treatment for Ischaemic Heart Failure Extension Study) investigators \[[@ezz107-B19]\]. The latest coronary revascularization guideline favours CABG as the preferable choice of revascularization in multivessel disease and reduced ventricular function, whereas comparable data for percutaneous coronary intervention are missing \[[@ezz107-B20]\].

Beneficial reverse remodelling effects induced by pharmacological heart failure treatment in ischaemic heart failure led to the development of a surgical procedure to reduce left ventricular volume and wall tension, with the expectation of a similar mortality benefit \[[@ezz107-B21]\]. *Post hoc* analyses from the STICH trial added further insight to this idea: CABG with additional surgical ventricular reconstruction (SVR) in cases with postinfarction dilation proved effective. So, these data revealed that SVR continues to be important in the treatment of ischaemic cardiomyopathy, with convincing results and survival benefits whenever SVR was performed in a way that reduced the ventricular geometric parameters to an almost normal size (postoperative left ventricular systolic volume index of 70 ml/m^2^ or less) \[[@ezz107-B22]\].

Several interventional treatments are being investigated to address coexisting lesions, especially the treatment option using interventional edge-to-edge repair for functional mitral regurgitation associated with heart failure. The latest evidence on interventional edge-to-edge repair in this patient cohort indicates that in patients whose condition is stable and in high volume centres, this therapy can lead to survival benefits and symptomatic relief from dyspnoea \[[@ezz107-B23]\]. However, in a more open all-comers trial on functional regurgitation, including severely impaired patients who can also be considered for a heart transplant or MCS, interventional edge-to-edge repair failed to provide a clinical benefit \[[@ezz107-B24]\].

Arrhythmia therapy, electroresynchronization
--------------------------------------------

An ICD implant to detect and alleviate life-threatening arrhythmias in patients with ischaemic and non-ischaemic cardiomyopathologies \[[@ezz107-B25], [@ezz107-B26]\] and cardiac resynchronization therapy \[[@ezz107-B27]\] both play a fundamental role in the treatment of heart failure---and thus represent a pivotal recommendation in current heart failure guidelines. Remarkably, publication of the DANISH (Danish Study to Assess the Efficacy of ICDs in Patients with Non-ischaemic Systolic Heart Failure on Mortality) trial subsequent to the last European Society of Cardiology guideline recommendation on the treatment of heart failure raised uncertainty about prophylactic ICD implants: device treatment in patients with symptomatic systolic heart failure not caused by coronary heart disease was not associated with a significantly lower long-term rate of death from any cause than was usual clinical care \[[@ezz107-B28]\]. Basically, the latest guideline recommendations are based mainly on the MADIT-II (Multicentre Automatic Defibrillator Implantation Trial II) \[[@ezz107-B29]\] and the SCD-HeFT (Sudden Cardiac Death in Heart Failure Trial) \[[@ezz107-B30]\] trial, which were published more than a decade ago. But pharmacological treatment and coronary revascularization in coronary heart disease have changed fundamentally since these early trials with an impact on mortality and a significant reduction in sudden cardiac deaths \[[@ezz107-B31]\]. Hence, current recommendations should be critically reappraised and supported by further randomized controlled trials.

Mechanical circulatory support
------------------------------

Ventricular assist devices (VADs) evolved from research involving cardiopulmonary bypass and the total artificial heart in the 1950s and 1960s \[[@ezz107-B32]\]. With publication of the REMATCH (Randomized Evaluation of Mechanical Assistance for the Treatment of Congestive Heart Failure) trial in 2001, the VAD breakthrough began following demonstration of the longer survival of heart failure candidates with VAD support in comparison to those treated with optimal medical treatment alone \[[@ezz107-B33]\]. Increasing numbers of VAD implants are currently designated as destination therapy, although some of them were primarily implanted with a bridge-to-transplant intention. In a patient with a stabilized cardiac condition, this VAD support might frequently make further high-urgency listings for transplants superfluous, or patients do not fulfil strict heart transplant high-urgency criteria or simply no longer want a transplant \[[@ezz107-B34]\]. Independently of the excellent long-term data for heart transplants, patients who are denied a transplant (due to older age or relevant comorbidities) or who will not survive the long high-urgency waiting time might benefit most from a permanent LVAD and attain outpatient status with acceptable quality of life (QoL) for a certain period. One current trial is examining the optimal point to implant a VAD in patients who have been given transplantable (T−) status and who are listed for a heart transplant with an increased risk of death while on the waiting list. The study was designed to compare the superiority of an early VAD implant to the current therapeutic strategy of medical heart failure treatment and assist device implantation only after serious deterioration of the patient's condition. Final data collection for primary outcome measures is expected in August 2022 (ClinicalTrials.gov Identifier: NCT02387112).

LEFT VENTRICULAR ASSIST DEVICE AS A CHANCE IN PROHIBITIVE TRANSPLANT CONDITIONS
===============================================================================

LVAD support offers an excellent option for those patients with high pulmonary vascular resistance who are rejected for a heart transplant, provided they have adequate right ventricular function. VAD implantation frequently enables vascular resistance to decline via adequate unloading of the left ventricle, meaning these patients may become transplant-eligible \[[@ezz107-B35]\]. However, the complication rate remains high \[[@ezz107-B36]\], as outlined in the following section.

LIMITATIONS OF PERMANENT DEVICE SUPPORT
=======================================

Independent of MCS flow-type, size and durability have improved over the years. Published data continue to reveal clear mid- and long-term survival benefits and superiority over optimal medical treatment in patients with end-stage heart failure \[[@ezz107-B37]\]. However, the efficacy of VADs is limited in the long-term due to device-typical complications, resulting in a gradual drop in the survival rate (Fig. [2](#ezz107-F2){ref-type="fig"}). A postapproval HeartMate II lifetime therapy report revealed a high probability of device-related adverse events in patients at the 2-year follow-up: driveline infections (19%), sepsis (19%), strokes (11.7%), thrombus formation (3.6%), bleeding (54%), mechanical failures requiring replacement (4%) and right heart failure (18%) \[[@ezz107-B36]\]. Recent data from the Momentum-3 (Multicentre Study of MagLev Technology in Patients Undergoing Mechanical Circulatory Support Therapy with HeartMate 3) trial shows improvement of outcome parameters with the use of the HeartMate III device \[[@ezz107-B13]\]. However, this trend needs to be supported by large-scale trials or registry data.

![Parametric survival curve and associated hazard function with 70% confidence limit for survival after implantation of a continuous-flow LVAD or BiVAD. Reprinted with permission from Ref. \[[@ezz107-B12]\]. BiVAD: biventricular assist device; LVAD: left ventricular assist device.](ezz107f2){#ezz107-F2}

The QoL of patients with MCS is far from optimal: The VAD can alleviate some heart failure symptoms, improve impaired end-organ function and raise the patient's QoL somewhat. Nevertheless, several functional limitations persist: patients still lack independence, and MCS-related complications also significantly affect QoL. Psychological distress remains a serious problem after LVAD implantation \[[@ezz107-B38]\]. In contrast, patients who have had a heart transplant had the best outcome compared with the LVAD group in terms of their mental health \[[@ezz107-B39]\].

It remains unclear whether mechanical support affects the prognosis after a heart transplant: Some evidence shows that the post-heart transplant prognosis is impaired due to donor-specific antibodies triggering rejection and contributing to morbidity and mortality after the operation \[[@ezz107-B8]\]. Moreover, recent evidence indicates that pretransplant MCS is a risk factor for primary graft failure \[[@ezz107-B40]\]. Regarding the rising number of MCS recipients over the last few years, this fact will certainly affect transplant medicine in the future: In 2000, the International Society for Heart and Lung Transplantation reported that 19.1% of transplant recipients had been on mechanical support previously, a percentage that rose to 43.9% in the current transplant collective from 2009 to 2017 \[[@ezz107-B8], [@ezz107-B41]\].

HEART TRANSPLANTS: A RETROSPECTIVE
==================================

The first successful heart transplant by Christiaan Barnard in Cape Town, South Africa in 1967 can be regarded as the birth of the modern treatment of end-stage heart failure. This surgical heart failure treatment milestone led to global euphoria and unbelievable hope that heart failure could be healed, even though the first patient to receive a transplant survived only a few days. Managing immunosuppression proved to be problematic, with only a few substances available \[[@ezz107-B42]\]. It was the introduction of the calcineurin inhibitor (CNI) cyclosporine A in 1982 in particular that helped raise the 3-year survival rate from about 40% to 70% \[[@ezz107-B43]\]. Later developments in standardized pharmacological protocols and new immunosuppressive drugs for the induction and maintenance of permanent immunosuppression provided further insights and beneficial long-term effects. Thus, inhibition of the 'mammalian target of rapamycin (mTOR)' in combination with a CNI demonstrated favourable effects with less coronary allograft vasculopathy compared to standard treatment \[[@ezz107-B44], [@ezz107-B45]\]. Furthermore, CNI-free immunosuppression protocols demonstrated improved renal function in patients with a heart transplant and chronic renal failure compared to CNI-based protocols. This result might affect prognosis after the transplant, because CNI-related renal failure is a common problem after a cardiac transplant and a major cause of long-term morbidity \[[@ezz107-B46], [@ezz107-B47]\]. Also, graft preservation techniques and *ex vivo* perfusion (as discussed below) might contribute to the constantly improving long-term results.

HEART TRANSPLANTS: WHERE ARE WE NOW?
====================================

Despite recent improvements in mechanical circulatory-assist devices, it is hard to compete with the excellent median overall survival of 10.7 years for all patients who received transplants from 1982 to 2015 \[[@ezz107-B8]\]. In particular, the mortality rate remains consistently low if the patient survives the critical first 12 months after the transplant: Long-term deaths are due mainly to infectious diseases in immunocompromised patients (e.g. multiorgan sepsis), immunosuppression-associated malignancies (such as post-transplant lymphoproliferative disease as a result of immunosuppression) and progressive cardiac allograft vasculopathy (Fig. [3](#ezz107-F3){ref-type="fig"}) \[[@ezz107-B8]\]. Future research should focus on these factors.

![Kaplan--Meier survival in adult heart transplant recipients by era (transplants: January 1982--June 2015). Reprinted with permission from Ref. \[[@ezz107-B8]\].](ezz107f3){#ezz107-F3}

Drakos \[[@ezz107-B48]\] outlined the survival advantage of a heart transplant over a VAD in an editorial comment by matching International Society for Heart and Lung Transplantation survival data of adult patients receiving transplants in 2010--2012 with survival curves from the study 'Results of the Destination Therapy Post-Food and Drug Administration Approval Study With a Continuous Flow Left Ventricular Assist Device' (Fig. [4](#ezz107-F4){ref-type="fig"}). The included VAD data (mainly derived from early generation VAD trials) are followed by better data from the next-generation LVAD---currently seen in the MOMENTUM-3 trial \[[@ezz107-B13]\]. These new VAD data comprising more favourable adverse event-free survival and overall survival rates are comparable with survival rates in the first 2 years after a heart transplant. But these results still neglect the constant threats associated with an MCS (e.g. bleeding, thrombosis and infection) especially in the following years in which the adverse event rate after the transplant is extremely beneficial. Thus, younger patients with missing contraindications definitely profit more from a heart transplant as destination therapy, whereas permanent MCS should be considered in older cohorts or in patients with limited prognoses \[[@ezz107-B49]\].

![Survival rates in trials and registry reports of heart transplantation and chronic mechanical circulatory support as DT. Reprinted with permission from Ref. \[[@ezz107-B48]\]. DT: lifetime therapy; HM: HeartMate; LVAD: left ventricular assist device; OMM: optimal medical management; VE/XVE: early generation ventricular assist devices (HeartMate VE/XVE, Thoratec Corp., Pleasanton, CA).](ezz107f4){#ezz107-F4}

Increased demand for terminal heart failure therapy, but divergence in heart transplants
----------------------------------------------------------------------------------------

Surgical support in end-stage heart failure, either MCS or a heart transplant, will remain an ongoing topic in cardiology \[[@ezz107-B7]\]. However, current management is not often guided by the best medical option but rather by feasibility because human donors are 'limited' and grafts are scarce. Additionally, a heart transplant requires international coordination, established transplant centres with considerable experience and close collaboration with practicing cardiologists. Because of the scarcity of organs in some areas, there has been a recent structural shift in the indication towards MCS in the management of end-stage heart failure.

After a period of stagnation, the number of global heart transplants has risen, but the situation varies across regions (Fig. [5](#ezz107-F5){ref-type="fig"}A). Hence, MCS predominates in those regions with low heart transplant rates---offering tolerable survival rates compared to optimal medical treatment but neglecting the survival advantage of the heart transplant over time (Fig. [4](#ezz107-F4){ref-type="fig"}).

![(**A**) Number of adult and paediatric heart transplants by year (transplants: 1982--2015) and geographic region. Reprinted with permission from Ref. \[[@ezz107-B8]\]. (**B**) Overview of new high-urgency registrations and total heart transplants 2004--2017 in Germany (data: Eurotransplant).](ezz107f5){#ezz107-F5}

Germany is a country where the transplant situation is alarming in contrast to the positive global trend. Heart transplant numbers have consistently dropped since reaching a maximum at the end of the 1990s, with a historically low number carried out in 2017. Therefore, it is almost exclusively those candidates with a high-urgency status who are offered an organ. The mortality rate of patients on the highly urgent list who are waiting for a suitable organ is high and is exacerbated by a dynamic rise caused by more and more high-urgency candidates and longer waiting times (Fig. [5](#ezz107-F5){ref-type="fig"}B) \[[@ezz107-B50]\].

The German Organ Transplantation Foundation registered a drop in total heart transplant numbers and a decrease in new registrations for a transplant (Fig. [5](#ezz107-F5){ref-type="fig"}B) \[[@ezz107-B51]\]. Both factors are remarkable. The reasons are multifactorial: The organ allocation scandal in 2011--2012 in Germany seems not to be the driving force for the current organ shortage, because organ donations had been dropping before then \[[@ezz107-B52]\]. The general attitude in the German population does not seem to have changed regarding organ donation: The favourable opinion towards organ donations is currently 84%, which is higher than ever before. Also, the numbers of card-carrying organ donors (individuals with cards indicating that they are willing to be an organ donor) continue to rise from 22% in 2012 to 36% in 2018 \[[@ezz107-B53]\]. The most likely explanation for the drop in post-mortem organ donations in Germany is not the general attitude but rather an organizational deficit caused by the plethora of regulations and large quantities of paperwork required of explantation hospitals, the dearth of expert knowledge in small hospitals and the lack of cost-effective reimbursements, all of which result in only a small number of possible donors who approach the official board. Based on this retrospective analysis of possible organ donors, depending on the documented cause of death, the transplant rate in Germany could be increased significantly by a more effective identification system \[[@ezz107-B54]\]. In our opinion, it is the general regulations of the donation system that have to be revised rather than the attitude of the population. Political initiatives such as improvements in the laws related to organ donations as well as further discussion about a change in the general organ donation regulation towards an active refusal of someone's individual will might help as well.

TRANSPLANT MEDICINE FACES NEW CHALLENGES
========================================

The profiles of donors and recipients have changed fundamentally in recent years: The increasing numbers of patients with MCS prior to a heart transplant put extreme demands on the surgical site in terms of preparation and postoperative management.Changes in the donor's cause of death reflect a shift from traumas to ischaemic brain injuries due to safety improvements, triggering a rise in donor age at the time of donation \[[@ezz107-B55]\].The rising donor age in recent decades---especially in Europe---is associated with more comorbidities and less-than-ideal graft quality (Fig. [6](#ezz107-F6){ref-type="fig"}) \[[@ezz107-B8]\]

![Adult and paediatric heart transplants according to median donor age by location and year. Reprinted with permission from Ref. \[[@ezz107-B8]\].](ezz107f6){#ezz107-F6}

Current developments in transplants: cardiac allocation score
-------------------------------------------------------------

Creating a more just system for and clarifying the risks of a patient's prospects for success in heart allocation (with the lung-allocation score being a good example of a suitable system \[[@ezz107-B56]\]) has long been discussed. Sufficient long-term experience with MCS is still lacking, and satisfactory data from databases are only just beginning to be available. There are no substantiated scoring systems available that are capable of estimating device-related complications. Because of this gap in knowledge, it is impossible to balance the risk-benefit ratio of patients with MCS awaiting a heart transplant against those without MCS. So, use of a VAD might currently be deemed to be responsible for a lower status on the waiting list and therefore worse organ allocation. These problems need to be solved by creating a suitable scoring system for the allocation of hearts.

Current developments in transplants: expanding the donor pool by early donor management
---------------------------------------------------------------------------------------

Expansion of the existing donor pool is crucial and includes early donor identification and comprehensive care and diagnostics prior to selecting hearts acceptable for transplant. Early donor management by scouting teams can contribute to higher organ utilization rates with comparable transplant results. In existing programmes, allocated implant centres send specialized medical staff to the possible donor and guide further diagnosis and treatment until a final decision is made about the suitability of the organ donation \[[@ezz107-B57]\].

Current developments in transplants: *ex vivo* graft perfusion
--------------------------------------------------------------

Facing increasing donor ages, all means must be undertaken to assess donated hearts as thoroughly as possible. New preservation technology \[Organ Care System^®^ (OCS), TransMedics, Andover, MA, USA\] has been introduced to reduce ischaemic damage to the graft and enable further examination. This commercially available device preserves the heart in an *ex vivo* beating, perfused, normothermic and oxygenated state ([Video 1](#video1){ref-type="fig"}). Although longer ischaemia times worsen prognosis \[[@ezz107-B8]\], this device can contribute to consistent outcomes or to an expanded donor pool. The PROCEED-II trial (Randomized Study of Organ Care System Cardiac for Preservation of Donated Hearts for Eventual Transplantation), a randomized study, demonstrated non-inferiority in the OCS intention-to-treat group compared to standard cold-ischaemic preservation \[[@ezz107-B58]\]. After receiving clinical approval due to the PROCEED-II trial's findings, other investigators confirmed a favourable outcome in conjunction with OCS use in unfavourable donor--recipient constellations \[[@ezz107-B59], [@ezz107-B60]\]. *Ex vivo* preservation is also a significant chance in marginal organ selection to enable a post-mortem examination (e.g. using coronary angiography) and to evaluate metabolism, oxygen saturation, aortic pressure and coronary blood flow as surrogate parameters for good graft status. Furthermore, the application delivers valuable time for the transplant team to expand transport distances or use time for difficult situs preparation (e.g. explantation or preparation of MCS after several previous operations in adult patients with congenital heart defects). In addition, an economic benefit became apparent with a shorter period of ischaemia \[[@ezz107-B61]\].

10.1093/ejcts/ezz107_video1

###### 

During a training session, a porcine heart after harvesting and preparation is connected via the aorta to the ex-vivo perfusion device (Organ Care System®, TransMedics, Andover, MA, USA) and perfused with autologous blood. After 20 seconds of reperfusion, the heart starts beating and will be secured for clinical and biochemistry assessment.
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Current developments in transplants: donation after circulatory death
---------------------------------------------------------------------

Since the first human heart transplant \[[@ezz107-B42]\], declaring death prior to organ procurement had historically been based on the cessation of circulation. However, following the subsequent increase in the discussions about death criteria, later heart transplants were not carried out until the death of the donor's brain had been verified using a previously accepted definition of brain death \[[@ezz107-B62]\]. The current shortage of organs forced the revitalization of the method of donation after circulatory death (DCD) because some dying patients will never meet formal brain death criteria. The Maastricht agreement defined 5 categories based on the circumstances of the cardiac arrest, of which only selected cohorts can lead to DCD donations \[[@ezz107-B63]\]. Once cardiac function has ceased and death has been declared, the heart must be retrieved as soon as possible. Unlike procurement after brain death, there is perforce a period of cardiac ischaemia and ventricular distention that can compromise the vitality of the organ after removal and that was the source of initial concern regarding the vitality of DCD hearts after retrieval \[[@ezz107-B64]\]. *Ex vivo* perfusion and/or normothermic regional perfusion may guarantee graft metabolism and function and ensure post-transplant function \[[@ezz107-B65], [@ezz107-B66]\]. Early outcome of a DCD heart transplant is apparently comparable with outcomes with a transplant from a donation after brain death \[[@ezz107-B67]\], and thus DCD programmes have contributed to greater transplant activity in some regions \[[@ezz107-B68], [@ezz107-B69]\]. Whether the DCD programme can be successfully implemented worldwide remains to be seen: although some countries successfully perform transplants in compliance with the DCD, the German Medical Association declared in 1998 that organ procurement and transplants in Germany may not follow the DCD criteria because they do not fulfil the strict German ethical end-of-life guidelines.

Current developments in organ transplants: transplants incompatible with the ABO blood group
--------------------------------------------------------------------------------------------

The ABO blood group-antigen system is based on carbohydrate epitopes present on different core saccharide chains that are bound to lipids (glycolipids) or to proteins (glycoproteins) and that form in early childhood. Because the ABO-antigen system is always present on the cell surface, it plays a central role in solid organ transplants due to its capacity to induce rejection \[[@ezz107-B70]\]. Compatibility between the donor's and the recipient's ABO alloantigens has long been required, and an ABO-incompatible heart transplant was absolutely contradicted in adults. However, acceptable ABO-incompatible abdominal transplant outcomes---especially renal transplants \[[@ezz107-B71]\]---in adult patients and advances in ABO-incompatible heart transplants in paediatric patients \[[@ezz107-B72], [@ezz107-B73]\] have led to discussions about the potential for adult ABO-incompatible heart transplants to expand the donor pool. In a recent registry study, Bergenfeldt *et al.* \[[@ezz107-B74]\] demonstrated no difference in the incidence of deaths or retransplants between ABO-compatible and ABO-incompatible heart transplants in a transplant collective after 2005. However, ABO-incompatible transplants remain exceptional and are severely restricted to individual decisions due to non-standardized immunosuppression protocols, a high-risk rejection constellation and the unknown long-term prognosis.

Current developments in transplants: xenotransplants
----------------------------------------------------

Due to the scarcity of cardiac donors and the long waiting lists for heart transplants in many countries, the alternative of using xenografts has been explored for several years. The obviously most difficult limitation of using xenografts is the accelerated rate of rejection. Few, but very active, research groups focus on strategies to overcome the cross-species-derived rejection. Thus, genetically modified pig hearts were successfully transplanted into baboons using a modified preservation and immunosuppression protocol with an excellent 90-day survival rate with no signs of rejection \[[@ezz107-B75]\]. This promising approach with xenotransplants must acquire further basic knowledge and long-term data before it can be tested further via large clinical examinations and human trials \[[@ezz107-B76]\]. Comparing the major treatment options for end-stage heart failure from a future perspective, we believe that in the coming 10 years MCS will further improve and precise risk prediction can discriminate better candidates for heart transplants or MCS, hopefully. It is likely that treatment with an allograft heart transplant will be reserved for those patients who would profit the most from the donor heart in terms of the likelihood for long-term survival, such as young and otherwise healthy recipients. It is possible that a xenotransplant will be a clinical option in 10 years and that the indications for heart transplant and MCS might be discussed differently at that point.

A HEART TRANSPLANT IS THE PAST AND THE PROMISING FUTURE OF END-STAGE HEART FAILURE TREATMENT
============================================================================================

All the aforementioned factors make a heart transplant currently the best possible therapy for patients with end-stage heart failure and offer promising future developments. In view of the improvements in MCS and the scarcity of donor organs, candidate selection and the choice of a potentially 'optimal' method provide further challenges. MCS can play a key role in patient selection in emergency-stabilized, haemodynamically unstable patients, as a bridge-to-bridge or bridge-to-transplant solution, to prove candidacy in some candidates with high pulmonary vascular resistance or in candidates with contraindications for a heart transplant even as destination therapy (Table [2](#ezz107-T2){ref-type="table"}).

###### 

Comparing a HTx to a VAD: benefits and limitations

        Advantages                                                      Disadvantages                                                              Problems to solve
  ----- --------------------------------------------------------------- -------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------
  HTx   Benefit in terms of long-term mortalityBetter quality of life   Organ shortagePrecise immunomatching (HLA/ABO)Organ rejection              Improvement in organ allocationPreservationReducing ischaemia-reperfusion injury (e.g. OCS^®^)Expand donor pool to potentially marginal donors
  VAD   'Unlimited' availability                                        DurabilityEnergy supplyBleeding/thrombosisInfectionTechnical malfunction   Develop complete and durable intracorporeal devicesTranscutaneous energy transferLower bleeding/thrombosis risk

ABO: ABO blood group system; HLA: human leucocyte antigen; HTx: heart transplant; OCS: Organ Care System; VAD: ventricular assist device.

CONCLUSION
==========

In conclusion, we offer a positive answer to the question raised in the title. Based on the continuous improvement in heart transplant programmes with new therapeutic options, we believe that a heart transplant with an allograft will remain an important factor in the treatment of end-stage heart failure.

Continuous research is urgently needed to further boost the heart transplant and strengthen its position in the treatment of advanced heart failure as long as there is no effective causal therapy. Central topics remain, namely: Increasing organ donations by improving the identification of local heart donors, optimizing the reimbursement for explanting hospitals and, finally, enhancing donor willingness.Expanding the donor pool (establishing early donor management programmes; assessing marginal donors in *ex vivo* perfusion systems; DCD donations; consideration of ABO-incompatible transplants in exceptional cases).Improving organ allocation by considering post-transplant prognosis and the judicious allocation of highly urgent patients in view of the growing numbers of patients with mechanical assistance on the waiting list.Improving organ retrieval and preservation procedures to minimize ischaemic injury and post-transplant outcomes.Optimizing future immunosuppression procedures to prevent rejection and adverse long-term outcomes (e.g. cardiac allograft vasculopathy, malignancies). Because cardiac allograft vasculopathy is the biggest problem in regard to long-term mortality, all strategies designed to modify the immunosuppression regimen with the therapeutic options need to focus on that. In addition, long-term morbidity with renal function impairment may be the second most important factor that needs to be improved.Increasing research for causal healing of cardiomyopathy and total cardiac replacement (e.g. durable total artificial hearts, xenotransplants).
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